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(57) A novel pectinase for degradation a pectin or 
pectic acid is disclosed wherein 

(1) the novel pectinase is an endopolygalacturo- 
nase produced from a oenus Saccharomyces. 

(2) tiie optimal pH is 4.0. 

(3) the stable pH range is 4.0 to 8.0. 

(4) the optimal temperature is 45''C. 

(5) the enzymatic activity is stat>le up to 45<'C. 
and 

(6) the molecular weight Is 38.000. A low-molecular 
pectin having a low viscosity and a high solubility 
and maintaining the physiological activity as the 
dietary f toer. and food and drink each of which con- 
tains 0.01 to 50 wt% of the low molecular pectin are 
also disclosed. 
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Description 



The present invention relates to a low-rT«)lecular pectin converted from a pectin while the phys.clog.cal activrty of 
the oeclin as a dietary fiber is maintained, and food and drink which contain the low-molecular pectn 

; 'S^r^^ir^S^dSinedasha^l digestive 

enzvm^ The dietary f ibers include rwnKligestive organic materials such as chHin and chrtosan in additon to plant cell 
S^moonerJS a^^lulose. lignin and pectin. In recent years, these dietary fibers are to^'^Jot^VTT 
SSlS^htstSfSSon impr J,g effect Jnd an activity of reducing the cholesterol content of blood and to play 
an imnortant role in preventing diseases of adult people. ..«u^ 

10 dietary fibers, pectic substances such as a pectin and pectic acid have a strong activ.^ as the d^ete^ib- 

ers Sart^SLuchakadefecationimprovingeffect.anetfectof repressingthelevelofth^ 
Sid rSf^repressing formation of gallstones, and a hypertensive repression effect have be^n reported^ Con- 
Son^lyT^c suSstanci have been used as stabilizers in jams, fruit jelB^ yoghurt dnnte. and tecttc ^^^/^ 
agS in fPod industries. Since the pectic substances have the above effects, they are expected as dietary fibers to be 

" ""Ap^sil^tTe^'feboundwiththecelluloseinanunri^ 

a prXSm. in particular, the protopectin is contained in citrus fruits, apples, and ^^^.^"'"'^^ '^[J^^^ 
ISiough this proSectIn is insoluble, it is hydrolyzed to produoeasolublepe^^ 

?Sh«S ^oSas. the pectin is a polysaccharide containing galacturonane as a polymer of 9«'«*'™"'°^^'^2„. ^ 
maj JcolJ^Jent and smaU amounts of rhamnose. ar*inose. xylose, and galactose and having a molecular weigh of 

^°°'?Se ^'generally has a la« solubility and a high viscosity and tends to geljor ^iL^^^'^V ^^f^^ ^A^S 
has the ^ious effects as described above, only a small amount of pectin is added to food and dnnk. and rt .s drflicuH 
to add the pectin in food and drink in an amount enough to expect the activrty of the dietary fiber. 

irtheSre. the first object of the present invention to provide a k«r-molecular pecUn wh«h has a h.gh solub.lrty 

and a low viscosity and maintains the physiological activity as the dietary ftoer. ^. ^ , ^, 

; is^e seco«i cbiect of the present invention to provide food and drink whjch contain the ^ 
In Older to achieve the above objects of the present invention, a pectin is degraded using a pecbnase to (Sbtain a 
low-IiS^J^lSr^ S a low viscosity and a high solubility. The present inventors made extensive stud.^ on 
S^r?Sn^s^*^Ss ?the above asaimption. As a result the present inventors found that endopolygalacturo- 
^ny p^nase on *e ba8« ^ f..e.T.werpmyc^ fraqiHs, JTF-1) belonging to the H^^^vv^^ 
aTeast (i e r,natrinh..m candidum. JTF-2) belonging to the genus Geotrichum. a yeast (i.e.. Qqndida K9Wr . JTF-3) 
SrS to'SSfiiS^ a yeast (i.e.. .Sacr^^romyc.. bayanus. JTF^) betonging tothe 

were suit^e as pectinase In addition, the present inventors also found that even rf er«ym^ ^^l*!® 
S^^SSs™ caus«l to act up to the degradation limit, the decrease in molecular weight of the pectn by degra- 
SnI^^^«^^mdecute?weightof L,ut 20.000. and ^^^^ 

Si al^fo^^ lo!^-molecuIar peSlins having molecular weights of 20.000 to 80.000 could be obtained by 

^Tt^S^"^"i3Tp2s«^ the micro-organisms tor producing the pectinase (e«iopolyga.acturon^, 
used in tiie present invenMon designated as JTF-l (accession number, ferm J;;;;=^^LL^^ '^ij^rche 

(accession nurttoer: FERIWI BP-4057) on December 19. 1991 . JTF-3 (accession number: FERM BP^58) on March 6. 
1^ and JTF-4 (accession number: FERM BP-3916) on July 9. 1992 with the Fermentatton Resear* Insttute. 
i^fncy S InS^stiSSce and Technotogy located at 1-3. Higashi iKJhome. Tukuba-shi IbaraW-ken 305. Jap^ 
a^a^e with the Budapest Treaty on the International Recognitton of the Deposit of Microorgansms for the Pur- 
45 DOses of Patent Procedures. 

The present inventors found tor the first time that JTF-4 produced an endopolygalacturonase. 
Furthennore. a novel pecBnase having the following natures 0) to (vi) is provided: 

(i) The novel pectinase is an endopolygalacturonase which is produced from the q^^nm SaccharomycgS and 
so degrades the pectin and the pectic acid. 

(B) The optimal pH upon reaction at ZS'C for 20 minutes is 4.0. 

(iii) The stable pH range tpon heating at SS-C for 60 minutes is 4.0 to 8.0. 

(iv) The optimal temperature upon reaction at a pH of 5.0 is 45''C. 

(V) The enzymatic activity upon heating at a pH of 5.0 for 60 minutes is stable up to 45 C. 
55 (vi) The molecular weight is 38.000. 

According to the first aspect of the present invention, the endopolygalacturonases ^^^^^'^^ 
produ^iSthe yeasts JT?rtoJTF-4 will be referredtoa8JTFP-1.JTFP-2.JTFP-3.a^ 
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duced from JTF-1. JTF-2. JTF-3, and JTF-4 are caused to act on pectins to obtain low-molecular pectins. 

According to the second aspect of the present invention, there are provkied food and drink which contain 0 01 to 
50 wt% of the low-molecular pectin. 

This invention can be more fully understood from the following detailed description when taken in conjunction with 
the aoconipanying drawings, in which: 

Fig. 1 is a graph showing the relative activity and the pH to determine an optimal pH of an enzyme (JTFP-4); 
Fig. 2 is a graph showing the relative activity and the pH to determine a stable pH range of the enzyme (JTFP-4); 
Fig. 3 is a graph showing the relative activity and the temperature to determine an optimal temperature of the 
enzyme (JTFP-4); 

Fig. 4 is a graph showing the relative activity and the temperature to determine a stable tenperature range of the 
enzyme (JTFP-4); and 

Fig. 5 is a graph showing a viscosity curve of a low-molecular pectin according to the present invention. 

The present invention will be described in detail below. 

An endopolygalacturonase (JTFP-4) derived from JTF-4 belonging the oenus Sacchammyr^^ according to the 
present inventon will be described below. 

JTFP-4 as the enzyme of the present invention acts on a pectin and pectic acid to hydrolyze them. JTFP-4 has the 
following physicochemicai properties. 

(1) Substrate Specificity 

JTFP-4 according to the present invention degrades the pectin and pectic add, but does not degrade soluble 
starch, dextrin, and xylan. 

(2) Optimal pH 

JTFP-4 according to the present invention has an optimal pH near a pH of 4. 

(3) Stable pH Range 

JTFP-4 according to the present invention is stable in the pH range of 4 to 8. 

(4) Enzymatic Activity 

The enzymatic activity of JTFP-4 is 33.9 unitsAng protein (1 unit: an amount of enzyme for producing 1 ^mol of a 
reducing group of the hydrdysate per minute at 35**C in the hydrolysis of pectic acid). 

(5) Optimal Temperature 

JTFP-4 according to the present invention has an optimal ten^perature near 45*»C. 

(6) Stat>le Terrperature 

JTFP-4 according to the present invention is stable until 45<'C. 

(7) Influence of Metal Ion and Inhibitor 

JTFP-4 according to the present invention is inhibhed by 69% with barium chloride, but is not inhibited with magne- 
sium sulfete. 

(8) Molecular Weight 

The molecular weight of JTFP-4 is 38.000. 

(9) Amino Add Conposition 

JTFP-4 according to the present invention has a maximum content of glutamine and glutamic add in a molecule 
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(1 30 residues per molecule). 

According to the present invention, the endopolygalacturonase is caused to act on the pectin to obtain a low-molec- 
ular p^^ijn 

The endopolygalacturonases generally exist in bacteria, yeasts, fungi, and higher plants. Many steps are required 
to purify the enzyme from these sources. That Is. cells are removed from a culture solution containing microorganisn« 
or the like to obtain a culture supernatant. The cuRure supernatant is subjected to ammonium sulfate preopitaton to 
saft out only a protein. The protein is separated based on charges thereof using an nn exchange material. The enzyme 
is separated by gel filtration in accoidance with molecular weights, thus purifying the endopolygalarturonase in accord- 
ance writh such a general enzyme purification process. 

Accofding to the present invention, when a commercially available pectinase is used, punficaton must be per- 
formed to eliminate pectin esterase and hemicellulase from the pecBnase. ^ ^ . 

Since JTFP-1 JTFP-2. JTFP-3. and JTFP-4 produced from JTF-1. JTF-2. JTF-3. and JTF-4. respectively, are 
extracellular enzymes secreted outside the microorganisms, the culture supernatant can be directly used as a crude 
enzyme solution. The culture supernatant can be generaBy obtained such that the yeast is cultured on an agar slant 
and IS then cultured in mass production. The resultant cultured product is centrifuged to eliminate the miCTOorganisms. 
In this manner, the culture supernatant obtained using the yeast can be directly used in an enzymatic reaction, thereby 
advantageously simplifying the enzyme purification process. 

The culture supernatant is preferably subjected to a simple treatment such as dialysis, ultrafittration. ion exchange, 
or gel f iltralion to eliminate the yeast smell produced in the reaction using this enzyme and to obtain a more transparent 

^ ^'"A*lw-molecular pectin is obtained such that the purified product, culture supernatant, or its treated product of the 
endopolygalacturonase obtained as described above is reacted with a suspension obtained by suspending a pectin m 
a buffer solution such as acetic acid. ^ ju._ 

The type of endopolygalacturonase used in the present invention is not limrted to a specific one if it reacts with a 
25 pectin to pi«luce a low-molecular pectin having a molecular weight of about 20.000 to 80.000. However. JTFP-I to 
JTFP-4 free from laborious operations such as enzymatic purification are preferably used. 

As a pectin used in the present invention, any pectin material can be used, and its origin is not limited to a specrfic 
one. Therefore, generally known pectins originating from fruits, such as a lemon pectin and an apple pectin can be 

30 a reaction between the pectin and one of JTFP-1 to JTFP-4. a purified product, a culture supernatant (crude 

enzyme solution), or its treated product may be used to react with the pectin. 

The degradation reaction by the enzyme is preferably performed for a reaction time of 1 2 to 48 hours when the con- 
tent of the yeast culture supernatant is 5 to 20 parts by weight with respect to 1 part by weight of the pectin. The pref- 
erable reaction teirperature and pH are those which allow a sufficient reaction and do not inactivate the 
35 endopolygalacturonase. i.e.. 30 to 50°C and a pH of 4.0 to 8.0. ^ ^ . 

According to the present invention, even if the enzymadc reaction is performed at the degradation limit the degra- 
dation of the pectin is stopped when its molecular weight is about 20.000. Therefore, by controling the reaction condi- 
tions such as the reaction time, a low-molecular pectin having an arbitrary molecular weight faimg within the range of 
about 20.000 to 80.000 can be obtained. _ 
40 Although the low-molecular pectin according to the present invemion can nave a moiecuar weigm ui auoui -lu 
to 80 000 the molecular weight preferably falls within the range of about 50.000 to 70.000 in view of retention of the 
physiological activity as the dietary fiber and ease in addition of the low-molecular pectin in food and drink. A tow-molec- 
ular pectin most preferatjiy has a molecular weight of atiout 60,000. 

The degraded product of the pectin may be directly dried and used, or may be further treated. 
45 When a further treatment is to be performed, the degraded product of the pectin is purified by dialysis or ultrafiltra- 
tion to eliminate galacturonic add and its oligosaccharide in the degraded product and acetic acid used as the buffer 
solution in the reaction. The purified degraded product is precipHated using an organic solvent such as ethanol or ace- 
tone or dried by freeze drying or spray drying to obtain a powder for later applications. . 

According to the present invention, there are provided food and drink which contain low-molecular pectns of the 

50 present invention. .... . ■ --^.i^ 

The low-molecular pectin obtained by the above method according to the present invention has a molecular weight 
falling within the range from that of a polysaccharide such as pectin or agarose to that of an oligosaccharide su* as 
maltooligosaccharide or fructooligosaccharide. Although the low-molecular pectin has a lower viscosity and a higher 
solubility than those of the original pectin, it has a defecation improving effect as one of the physiological activities of 

* cStiie^Sher hand, since the low-molecular pectin according to the present invention has the above properties, it 
can be contained in an amount which allows to maintain the physiological activity as the dieiary fiber, i.e.. 0.01 to 50 
wt% and preferably 0.1 to 5 wt%. which cannot be conventionally contained, in a variety of food and dnnk such as 
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juices, candies, breads, and janis. 

The food and drink which contain low-molecular pectins according to the present invention exhibit improved physi- 
cal properties and an improved palate at the above contents. These physical properties and palate are different from 
those obtained in a case wherein a conventional pectin is added to food and drink. 

As described above, since the enzymes (JTFP-1 to JTFP-4) used in the present Invention are extracellular 
enzymes secreted outside the microorganisms, the culture supernatant can be directiy used as a crude enzyme solu- 
tion and in the enzymatic reaction. Therefore, the enzyme can advantageously simplify tiie enzyme purification process 
and easily degraded tiie pectin into a low-molecular pectin. When the enzymes used in the present invention are 
caused to act on pectins up to the degradation limit, the decre^e in molecular weight of the pectin upon degradation 
can be stopped at about 20,000, and furtiier degradation cannot progress according to the characteristic feature of the 
enzyme. By controlling the reaction conditions, a low-molecular pectin having a molecular weight falling within the range 
of about 20.000 to 80.000 can be obtained. 

Since the resultant low-molecular pectin has a low viscosity and a high solubility and can maintain the physiological 
activity (e.g., a defecation improving effect) of the dietary fiber, the low-molecular pectin can be easily added in the food 
and drink in an amount enough to provide the physiological activity as the dietary fiber. 

The present invention will be described by way of its examples, but is not limited thereta 

[Examples] 

Parts and percentage represent parts by weight and wt% throughout the examples, unless othenmse specified. 
Example 1 

Method of Culturing JTF-1 to JTF-4 and Preparation of Crude Enzyme Solutions 

25 

(1) Method of Culturing JTF-1 and Preparation of Crude Enzyme Solution 

Kluyveromyces fragilis JTF-1 was cultured on the slant of potato sucrose agar (pH of 5.0) at 27*»C for 24 hours. The 
cultured Kluweromvces fraoilis In one platinum loop was inoculated in 50 m/ of a medium (pH of 5.0) containing 5% of 
30 glucose, 0.2% of ammonium phosphate, 0.1% of potassium primary phosphate. 0.1%of magnesium sulfate, and 0.4% 
of a yeast extract and was stationarily cultured at 27*C for 3 days. This cultured product was inoculated in U of a 
medium having the same conrposition as above the culture medium and was stationarily cultured.at 27^C for 3 days. 
The resultant cultured product was centrifuged at 1 3,000 rpm for 1 0 minutes to eliminate JTF-1 , thereby obtaining a cul- 
ture supernatant. 

35 

(2) Metiiod of Culturing JTF-2 and Preparation of Crude Enzyme Solution 

A culture supernatant was obtained following the same procedures as in (1) except that Geotrichum candidum JTF- 
2 was used in place of Kluweromvces fraqilts JTF-1 . 

40 

(3) Metiiod of Culturing JTF-3 and Preparation of Crude Enzyme Solution 

Candida Kefyr JTF-3 was cultured on the slant of potato sucrose agar (pH of 5.0) at 22'C for 3 days. The cultured 
Candida Kefyr in one platinum loop was inoculated in 50 nrv^ of a medium (pH of 5.0) containing 5% of glucose, 0.2% of 
45 ammonium phosphate, 0.1% of potassium primary phosphate. 0.1% of magnesium sulfote. and 0.4% of a yeast extract 
and was stationarily cultured at 22*»C for 3 days. This cultured product was inoculated in 1/ of a medium having the 
same conposition as the above culture medium and was stationarily cultured at 22*»C for 4 days. The resultant cultured 
product was centrifuged at 8.000 rpm for 10 minutes to eliminate JTF-3, tiiereby obtaining a culture supernatant. 

so (4) Method of Culturing JTF-4 and Preparation of Crude Enzyme Solution 

Sacgharpmyqes bayanus JTF-4 was cultured on the slant of potato sucrose agar (pH of 5.0) at 28**C for 3 days. The 
cultured Saccharomvces bavanus in one platinum loop was inoculated in 50 m^ of a liquid medium (5% of glucose. 
0.2% of ammonium phosphate. 0. 1% of potassium primary phosphate. 0.1% of magnesium sulfate, and 0.4% of a yeast 
S5 extract pH of 5.0) contained in a 200-m/ Erienmeyer flask and was stationarily cultured at 28*C for 3 days. This cultured 
product was inoculated inl / of a medium having the same compositiwi as the above culture medium and contained in 
a 3-/ Erienmeyer flask and was stationarily cultured at 28**C for 3 days. The resultant cultured product was centrifuged 
at 8.000 rpm for 10 minutes to eliminate JTF-4, thereby obtaining a culture supernatant 
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Example 2 

Method of Preparing JTFP-4 

Thecufturesupernalant obtained in ExafrplelwasfWeredthroughamiHi^^^ 

eliminate JTF-4. iTe cuhure fiKrate was dialyzed overnight in a 0.02 M ^^^^''^ f 'JJ^Jij'^^^ 
About 600 m/ Of the dialyzed culture sipernatant were adsorbed in an ion exchange column (S-Sepharose) ana were 
iSSt?a«S^Sn^ S^ensity graSent method using an aqueous sodium chloride solution. Active fractions w^* 
SfSS SS^fS, colum?*romatogra^ (Sephadex Q-75) was performed using a 0.02 M acetc aad b|^er 
SSor;s an eluent. This chromafogram exhibited one highly active peak. The lract»ns ^^'"^^^^^^ 
Sfive were collected and dialyzed overnight in distilled water at S-C. The dialyzed product was condensed to 5 
S^y SSSi A^ut 1 mg of a purified enzyme was obtained as a protein from 600 m/ of the culture Wrn«ant. 

^^^^^ Sne unit) was determined by measuring the number of reducing groups in the Hydrolysate 
obtaS bTSHnzynS reaction in accordance with the Somogyi-Nelson method. That is. one unrtis an amount 
T^SToL^ ^mol of the reducing groups of the hydrolysate per minute at 35-C """^^^^^ 
SSng groups is figured out as an amount of galacturonic acid). AsaresuH of this mea^^^ 
ity according to the present invention vras found to be 33.9 unitsAngprotan. 

wSenSDSpolicrytemide electrophoresis was performed using tNs sample.^ 

band. 
Example 3 

The follo^nng experlmertt was performed to examine the properties of ttie enzyme (JTFP^) of the present in^en- 

tion. 

(1) Substrate Spedfidty 

in Older to examine the substrate specificity of the enzyme, reactivity between the enzyme and substrates shown 

30 ""tad! rSt^e"'iSadded so that the f inal concentmlion of a 0.2 M acetic acid buffer solution (PH of 5^°) 
to be 0 2% 0 1 m< of an enzyme sdution was added to 0.15 m< of each resultant solution and w^ reacted t^^^ 

atfs-C for rS^e^. Theresence/absence of the substrate degradation activity was detected """9^; 
nun*.; SrSwingterminalsfor each substrate. The degradation activity for each substiateis shown '"Table 
o"n^le 1 repre^ a substrate degraded by the enzyme, and a mark x represents a substrate not degraded by the 
3S enzyme. 
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Table 1 



40 



45 



Sijbstrate Specif ity 


Substrate 


Degradation 


Pectin 


o 


Pectic acid 


o 


Dextrin 


X 


Starch 


X 


Xylan 


X 



so 



55 



As is apparent from Table 1 . the enzyme of the present invention can degrade the pectin and pectic add. but does 
not degrade a soluble starch, dextrin, and xylan. 

(2) Optimal pH 

0 02 m/ of an enzyme solution were added to 023 mtoia Mcilvaine buffer solution having a pH of 2 to 7 and con- 
taining p^cLiS to ^ 

was m^sured by a Somogyi-Nelson method. Enzymatic activity values were measured as relative acbvrties when the 



6 



BNSDOCID: <EP p868854A2_L> 



EP0 868 854 A2 



maximum activity value was defined as 100%. As shown in Fig. 1 . the relative activities obtained by the Somogyi-Nel- 
son method were plotted as a function of the pH to obtain an optimal pH. As is apparent from f^g. 1 , the optimal pH of 
the enzyme of the present invention was near 4. 



5 (3) Stable pH Range 

Buffer solutions were a 0.2 M Mcllvaine buffer solution (pH of 3 to 7) and a phosphoric acid buffer solution (pH of 7 
to 10). 

0.025 m^ of the enzyme of the present invention were added to 0.125 m/ of each buffer solution having a pH of 3 
10 to 1 0 and were treated at SS^'C for an hour. 0.1 5 m/ of a 0.5 M acetic add buffer solution (pH of 5.0) were added to the 
treated solution to adjust the pH to 5.0. Peclic add was added to this solution so that the final concentration was 
adjusted to 0.2%, the resultant solution was reacted at 35<'C for 20 minutes, and the activity was measured by the Som- 
ogyi-Nelson method. Enzymatic activity values were measured as relative activities when the maximum activity value 
was defined as 100%. As shown In Fig. 2. the relative activities obtained by the Somogyi-Nelson method were plotted 
IS as a function of the pH to obtain a stable pH range. As is apparent from Fig. 2, the enzyme of the present invention was 
stat)le within a pH range of 4 to 8. 



(4) Optimal Temperature 



20 0.02 m^ of the enzyme of the present invention were added to 0.23 m^ of a 0.2 M Mcllvaine buffer solution (pH of 
5.0) containing 0.2% of pectic add and were reacted therewith at a temperature of 20"C to 80*'C for 5 minutes, and the 
activity was measured by the Somogyi-Nelson method. Enzymatic activity values were measured as relative activities 
when the maximum activity value was defined as 100%. As shown in Fig. 3. the relative activities obtained by the Som- 
ogyi-Nelson method were plotted as a function of the temperature to obtain an optimal temperature. As is apparent from 

2S Fig. 3, the optimal temperature of the enzyme of the present invention was about 45*C. 

(5) Stable Temperature Range 

0.02 m^ of the enzyme of the present invention were added to 0.13 m^ of a 0.5 M Mcllvaine buffer solution (pH of 
30 5.0) and were heat-treated at a temperature of 20*»C to 65*»C for 60 minutes. After the reaction solution was cooled with 
ice, 0.1 m/ of a 0.5% aqueous pectic acid solution was added to each treated solution and was reacted therewith at 
35*C for 20 minutes, and the activity was measured by the Somogyi-Nelson method. Enzymatic activity values were 
measured as relative activities when the maximum activity value was defined as 100%. As shown in Fig. 4, ttie relative 
activities obtained by the Somogyi-Nelson method were plotted as a function of the temperature to obtain a stable tem- 
35 perature range As is apparent from Rg. 4. the relative activity of the enzyme of the present invention was 73% up to 
45*C, but was reduced to about 20% at 65*0. The stable temperature range of this enzyme was limited up to 45*0. 

(6) Influence of Metal Ion and Inhibitor 



40 Influences of a metal ion and an inhbitor on tiie enzyme of tiie present inverrtion were examined. 

Each metal ion and the Inhibitor in Table 2 were added in 0.15 m^ of a 0.2 M acetic add buffer solution (pH of 5.0) 
containing 0.002 m/ of the purified enzyme solution to obtain a concentration of 1 mM. Each solution was reacted at 
ZS'^C for 5 minutes, and 0.1 m/ of a 0.5% aqueous pectic add solution was added thereto. The resultant solution was 
reacted at 35**C for 20 minutes, and an inhibition ratio was calculated using tiie Somogyi-Nelson mettiod. Results are 

4S shown in Table 2. The inhibition ratio is a relative value with reference to a case (0%) in which a metal or inhibitor is not 
added. 



Table 2 



Influence of Metal and InhSditor 


Oompound 


Concentration (mM) 


Inhibition Ratio (%) 


No additive 




0 


BaO/2 


1 


69 


KG/ 


1 


35 


Pb(CH3COO)2 


1 


54 
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Table 2 (continued) 



Influence of Metal and Inhibitor 


Compound 


Concentration (mM) 


Inhibition Ratio (%) 


MgS04 


1 


0 


FeS04 


1 


18 


CaC/2 


1 


31 



As is apparent from Table 2. this enzyme was most inhibited (74%) by EDTA. The enzyme was inhibited by a bar- 
ion (barium chloride) by 69%. No Inhibition was found with a magnesium ion (magnesium sulfate). 



(7) Molecular Weight 

The molecular weight of this enzyme obtained in Example 2 was measured by SDS polyacrylamide electrophoresis 
to be 38,000. 

(8) Amino Acid Composition 

The enzyme of the present Invention was hydrolyzed with 6M hydrochloric acid at 105«C for 24 hours. The hydro- 
lysate was analyzed by an amino acid analyzer (Hitachi, Model 835) to measure the amount of constituent amino acid. 
The measurement was repeated three times, and a ratio of the amino add contents was calculated to obtain an amino 
acid composition. Results are shown in Table 3. 



25 

Table 3 





Amino Add Composition 


30 


Amino Add 


Amino Acid Residue (per 
molecule) 




Asparagine + aspartic add 


15 




Threonine 


11 


35 


Serine 


43 




Glutamine + glutamic acid 


130 




Qlydne 


37 




rvm 111 


17 


40 


Valine 


9 




Methionine 


1 




Isoleudne 


6 


45 


Leucine 


7 




Tyrosine 


1 




Phenylalanine 


4 


SO 


Lysine 


8 


Histidine 


6 




Arginine 


3 




Proline 


8 


55 


Note) 

No experiments for detection were performed for tryp- 
tophan and cystine. 
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As is apparent from Table 3, the amount of amino add residue per molecule is largest in the glutamine + glutamic 
acid and is the second largest in serine. 

Example 4 

Preparation and Analysis of Lemon Low-Molecular Pectin 

a) Preparation of Lemon Low*Molecular Pectin 

(1) Preparation of Low-Molecular Pectin by JTF-1 Culture Sppematant 

I00g of a lemon pectin (Wako Junyaku Kbgyo) were suspended in 4« of a 0.025 M acetic acid buffer solution (pH 
of 4.8), and 1^ of the culture supernatant prepared in (l) of Example l was added thereto. The resultant solution was 
reacted at 40''C for 24 hours. The resultant reaction solution was condensed by a rotary evaporator at GO^'C and was 
dialyzed overnight with respect to 1 0O-f old deionized water of the sample solution. In addition, the dialyzed product was 
freeze-dried to oknain 5d.34g of the lemon low-molecular pectin. 

(2) Preparation of Low-Molecular Pectin by JTF-2 Culture Supernatant 

59.25g of a lemon low-molecular pectin were obtained following the same procedures as in (1) exc^ that 1/ of the 
culture supernatant prepared in (2) of Example 1 was used. 

(3) Preparation of Low-Molecular Pectin by JTF-3 Culture Supernatant 

60.74g of a low-molecular pectin were obtained following the same procedures as in (1 ) except that .1 / of the culture 
supernatant prepared in (3) of Example 1 was used. 

(4) Preparation of Low-Molecular Pectin by JTF-4 Culture Supematant 

70.40g of a low-molecular pectin were obtained following the same procedures as in (1 ) except that 1 / of the culture 
supernatant prepared in (4) of Example 1 was used. 

b) Analysis of Lemon Low-Molecular Pectin 

The lemon low-molecular pectins obtained in (1) to (4) of a) were subjected to the following measurements (1) to 

(4). 

(1) Measurement of Molecular Weight 

The main peak of each lemon low-molecular pectin was measured by HPLC analysis using a TSK-Q 4000 PW gel 
filtration column to calculate its molecular weight using Pullulan (STANDARD P-82. Showa Denko) as the standard 

sample. 

(2) Measurement of Ratio of Qalacturonic Acid to Neutral Sugar 

After each lemon low-molecular pectin was perfectly decomposed using Driselase (KYOWA HAKKO), the ratio of 
galacturonic acid to neutral sugar was measured by HPLC analysis using a Shodex Sugar SH-1821 column (S. Matsu- 
hashi, S Inoue and C. Hatanaka. Biosd. Biotech. Biochem., 56. p. 1053 (1992)}. 

(3) Measurement I of Viscosity 

A 5% solution of each lemon low-molecular pectin according to the present invention was prepared, and its viscos- 
ity was measured usng an E type viscometer (Tokyo Keiki, VISCONIC ED Type). 
Results in the above measurements (1) to (3) are shown in Table 4. 
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Table 4 



5 




Low-Molecular Pec- 
tin by JTF-1 Culture 
Supernatant 


Low-Molecular Pec- 
tin by JTF-2 Culture 
oupernaiwTi 


Low-Molecular Pectin 
by JTF-3 Culture 
5^1 jnprnatant 


Low-Molecular Pectin 
by JTF-4 Culture 
Supernatant 




Yield (%) 


58.34 


59.25 


60.74 


70.40 




Molecular Weight 


6.6 X 10* 


6.6 X 10* 


6.6 X 10* 


6.6 X 10* 


10 


Galacturonic Acid : 


87.7 : 12.4 


87.1 : 12.9 


86.3 : 13.7 


86.5 : 13.5 




Neutral Sugar 












Viscosity (cp) 


15.97 


15.97 


15.97 


15.97 




Outer Appearance of 


yellowish brown 


yellowish brown 


yellowish brown 


yellowish brown 


15 


5% Aqueous Solu- 












tion 











20 



(4) Measurement II of Viscosity 

The viscosity of the lemon low-molecular pectin obtained in (1) of a) was compared with that of a lemon pectin. The 
viscosities were measured using an E type viscometer (50 rpm). Results are shown in Fig. 5. The viscosity off the pectin 
was considerably reduced. Similar results were obtained for other low-molecular pectins. 



25 (5) Defecation Improving Effect 



30 



4-week old SD male rats were fed with a commercial solid feed (oriental yeast solid feed MF) for 4 days and were 
divided into four groups each consisting of five rats. A feed containing the low-molecular pectin obtained in (1) of a) and 
components shown in Table 5, and a solid feed were supplied to each group, and the rats were ied for 9 daj^. fec^ 
of the rats on the ninth day were collected. Results are shown in Table 6. The hardness of the feces by the solid feed 
was used as a reference. The hard feces are - (negative), and the soft feces are + (positive). 



Tables 



35 


Component 


Control Group (g) 


Pectin Group (g) 


Low-Molecular Pectin 
Group (g) 




Casein 


22 


22 


22 




Lard 


9 


9 


9 


40 


Corn oil 


1 


1 


1 




Mixed Salt 


3.5 


3.5 


3.5 




Mixed vitamin 


1 


1 


1 


45 


Choline chloride 


0.2 


0.2 


0.2 




Cholesterol 


1 


1 


1 




Bile acid 


0.25 


0.25 


0.25 




Pectin^) 




5 




SO 


Low-molecular pectin^) 






5 




Sucrose 


63.3 


58.3 


58.3 



1) The pectin and the low-molecular pectin were prepared from a lemon pectin (Wako Junyaku 
Kogyo). 
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Table 6 





Solid Feed 


Control Group 


Pectin Group 


Low-Molecular Pectin 


Softening 


0 




+ 


+ 



Judging from the above results, the low-molecular pectin prepared using the yeast of the present invention has a 
feces softening effect and was found to have a defecation improving effect. 
10 Similar results were also obtained for other low-nnolecular pectins. 

Example 5 

Applications of Low-Molecular Pectin 

IS 

Applications using the low-molecular pectin obtained in (1) of Example 4 will t>e described in the following a) to c). 
a) 30% Apple Juice 

so 6 parts of 5-time condensed apple juice. 10 parts of granulated sugar, 0.2 parts of DL-malic add. 0.02 parts of 
sodium citrate, and 83 parts of distilled water were ntixed with 1 part of the low-molecular pectin to prepare a 30% apple 
juice contahing 1 wt% of the low-molecular pectin. 

The Juice containing the low-molecular pectin exhibited smooth nector-like physical properties. 

25 b) Hard candy 

A composition material (Table 7) containing 1 part of the low-molecular pectin was used to prepare eui apple type 
hard candy. 

Sugar, millet jelly, and water were mixed with each other, and the resultant mixture was heated to 1 10**C. The low- 
so molecular pectin dissolved in a small amount of water was added to the above mixture and was boiled down to 147^0. 
Citric add. spices, and a coloring agent were acWed to and mixed in the lx)iled-down mixture. The resultant mixture was 
cooled and molded. As a control, an apple type hard candy obtained by adding 1 part of a pectin was prepared and was 
compared with the hard candy of b). ResuHs are summarized in Table 8 below. 

35 

Table? 



Components (parts by weight) 


Sugar 


60 


Millet jdly 


40 


Apple juice (5-time condensed) 


2 


Water 


17.5 


Citric acid 


1 


Spices 


0.1 


Coloring agent 


appropriate amount 


Low-molecular pectin 


1 



55 
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Tables 





Outer Appearance 


Taste 


Total Evaluation 


1% low-mdecular pectin-added 
candy 


properly dispersed 


sour-sweet; mild taste 


very good 


1% pectin added-candy 


lump of powder; not properly dis- 
persed 


too sour; strange taste 


not satisfactory 



When 1 wt% of pectin was added to the candy material, the pectin formed a lump of powder and could not be prop- 
erly dispersed. However, when the low-molecular pectin was added in the same amount as that of the pectin, the low- 
molecular pectin could be property dispersed and ^dlitated the preparation of candies. In addition, the pectin-added 
15 candy was too sour and had a strange taste. However, the low-molecular pectin-added candy tasted good. 

c) Bread 

Bread wa^ prepared using a composition material shown in Table 9. 
20 2.5 parts^of the low-molecular pectin were dissolved in water in advance, and this aqueous solution was mixed in 
the material (Table 9) except for a dry yeast The resultant mixture was charged in a bread case of a Sanyo bread maker 
(SPM-B1). and the dry y^st was added thereto. The mixture was kneaded and fermented to bake the bread. As a con- 
trol, bread was baked using the material composition (Table 9) from whk:h the tow-molecular pectin was omitted. 



Table 9 



Components (part by weight) 


High protein flour 


250 


Sugar 


14 


Salt 


3.5 


Skim milk 


6.8 


Shortening 


15 


Dry yeast 


2.5 


Water 


180 


Low-molecular pectin 


2.5 



40 

The organoleptic test results are shown in Table 10. Bread containing about 0.5 wt% of the low-molecular pectin 
and bread of the control were almost the same, but the low-molecular pectin-added bread was softer than the control. 



Table 10 





Outer Appearance and Taste 


Total Evaluation 


0.5% Low-Molecular Pectin-Added Bread 


Slight yeast-like smell; softer than the control: uni- 
formly talked in brown 


good 


Control 


pleasant smell of bread; uniformly l>aked in brown 


good 



The above tests a) to c) were also conducted for the low-molecular pectins obtained in (2) to (4) of Example 4, and 
55 similar results were ok>tained. 
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Example 6 

Preparation of Apple Low-Molecular Pectin 

Apple low-molecular pectins were prepared from an apple pectin (Wako Junyaku Kogyo) obtained following the 
same procedures as in (1) of Example 4. using the culture supernatants prepared in (1) and (3) of Example 1. Each of 
the resultant low-molecular pectins had a molecular weight of 6.6 x lO'^. 

Example 7 

Preparation of Low-Molecular Pectin by Culture Supernatant Obtained t)y Dialysis 

(1) Preparation of Low-Molecular Pectin Using Culture Supernatant of Crude Enzyme Solution Obtained from JTF-1 

A low-molecular pectin was prepared following the same procedures as in Example 4 except that a culture super- 
natant obtained t>y dialyzing overnight U of the supernatant obtained in the method of (1) of Example 1 against 300/ 
of a 0.025 M acetic add buffer solution (pH of 4.8) was used in place of the culture supernatant prepared in the method 
of (1) of Example 1 . The resultant low-molecular pectin had a molecular weight of 6.6 x 10^ 

(2) Preparation of Low-Molecular Pectin Using Culture Supernatant of Crude Enzyme Solution Obtained from JTF-2 

A low-molecular pectin was prepared following the same procedures as in Example 4 except that a culture super- 
natant detained by dialyzing overnight 1 / of the supernatant obtained in the method of (2/ of Example 1 against 300/ 
of a 0.025 M acetic add buffer solution (pH of 4.8) was used in place of the culture supernatant prepared in the method 
of (2) of Exanple 1 . The resultant low-molecular pectin had a molecular weight of 6.6 x 1 0^. 

(3) Preparation of Low-Molecular Pectin Using Culture Supernatant of Crude Enzyme Solution Obtained from JTF-3 

A low-molecular pectin was prepared following the same procedures as in Example 4 except that a culture super- 
natant obtained by cfialyzing ovemight 1/ of the supernatant obtained in the method of (3) of Example 1 against 300/ 
of a 0.025 M acetic add buffer solution (pH of 4.8) was used in place of the culture supernatant prepared in the method 
of (3) of Example 1 . The resultant low-molecular pectin had a molecular weight of 6.6 x 10^ 

(4) Preparation of Low-Molecular Pectin Using Culture Supernatant of Crude Enzyme Solution Obtained from JTF-4 

A low-molecular p^n was prepared following the same procedures as in Exanple 4 except that a culture super- 
natant obtained by dialyzing overnight U of the supernatant obtained in the method of (4) of Example 1 against 300/ 
of a 0.025 M acetic add buffer solution (pH of 4.8) was used in place of the culture supernatant pr^red in the method 
of (4) of Example 1 . The resultant low-mdecular pectin had a molecular weight of 6.6 x io^ 

Claims 

1 . A low-molecular pectin ot)tained by causing an endopolygaJacturonase to act on a pectin. 

2. A low-molecular pectin according to daim 1, characterized in that the endopolygalacturonase is produced from 
Kluyyeromyces, a penus Geotricum. a 9enus Candida, or a genus Saccharomyces. 

3. A low-molecular pectin accorcGng to daim 1 or 2, characterized in that the pectin has a molecular weight of 6.6 x 
10^. 

4. A food or drink characterized by containing the low-molecular pectin according to either one of daims 1 to 3. at 0.01 
to 50 weight%. 
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PH 

•mcilvaine's buffer solution 
•phosphoric acid buffer solution 
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